Proliferation, differentiation, and apoptosis are three major processes by which the pregnant uterus maintains homeostasis to accommodate the growing fetus. We demonstrated previously that caspase activation in the pregnant rat myometrium at midgestation coincides with the transition from uterine hyperplasia to hypertrophy. We hypothesized that this transition was induced by stasis of myometrial blood flow (and subsequent hypoxia/ischaemia insult) resulting from acute myometrial stretch induced by a growing embryo. Therefore, we measured the expression of active caspase 3 and two hypoxia markers (transcription factor HIF1A and pimonidazole hydrochloride) in pregnant rat myometrium. To investigate the effect of gravidity we used unilaterally pregnant rats.
INTRODUCTION
The uterus undergoes immense transformation during pregnancy and parturition. The initial proliferative phase of gestation is associated with a significant degree of hyperplasia (increase in the cell number) in the uterine muscle layer or myometrium, providing a pool of myocytes for subsequent growth [1] . This is followed by a ''synthetic'' phase, in which uterine myocytes undergo hypertrophy (increase in cell size) in association with increases in mass and the composition of the extracellular matrix, the tension-bearing components of the uterus [2, 3] . Toward the end of pregnancy there is further myocyte differentiation to a contractile phenotype, at which point the relatively unresponsive, unexcitable, and uncoordinated muscle becomes spontaneously active, responsive to agonists, and highly coordinated in order to expel the fetus during powerful labor contractions [4, 5] . These specific differentiation states serve to support the different functions of the pregnant uterus, namely the protection and growth of the fetus during pregnancy and the process of parturition at term. Despite the importance of these functions to a successful pregnancy, the mechanisms that regulate the states of differentiation and their transitions are poorly understood.
Organ/tissue remodeling requires carefully coordinated cycles of cell division, differentiation, degeneration, and death [6] . Programmed cell death (apoptosis) is the physiological process by which excess or dysfunctional cells are eliminated during development or normal tissue homeostasis, and nowhere is this process more dramatic than in the reproductive system. Apoptosis occurs cyclically in human nonpregnant endometrium; throughout pregnancy in the decidua, placental, and amnion epithelial cells; in cervical smooth muscle cells (SMCs) at later pregnancy; and in mammary glands during weaning [7] [8] [9] [10] [11] [12] . Two different pathways of apoptosis activation exist: the extrinsic pathway involving Fas ligand or tumor necrosis factor alpha activation of specific death receptors and the intrinsic pathway activated by cellular stressors such as hypoxia, DNA damage, or ionizing radiation. Both pathways activate a caspase cascade, leading to activation of the effector caspase 3 (CASP3) that cleaves cellular substrates, resulting in morphological changes and/or cell death [13] . Importantly, caspases in higher organisms have acquired functions in cellular processes other than apoptosis, including involvement in cell survival, cell cycle [14] , and normal differentiation [15, 16] . Fernando et al. [17] showed that striated muscle differentiation shared key phenotypic changes usually ascribed to apoptosis and that CASP3 is required for this process. In addition, activation of CASP3 has been correlated with reduced myocyte contractility in cardiac [18] , skeletal [19] , and smooth muscle [20] .
CASP3 is transiently activated at midgestation in the rat and mouse myometrium, but this activation is not associated with biochemical or morphological features of apoptosis [1, 21] . Jeyasuria et al. [21] postulated that activation of uterine CASP3 acts as an anticontractile agent, maintaining uterine quiescence during late gestation through the degradation of uterine contractile proteins. Though the mechanisms leading to CASP3 activation remain unclear, it coincides with the transition between the phases of myometrial hyperplasia and hypertrophy, which occurs around Gestational Day 14 in rats. We have suggested that the myocyte differentiation that induces the transition of phenotypes is related to acute stretching of the uterine wall by the growing conceptus [1] . The stretch results in circulatory stasis and ischemia within the uterine wall (myometrium), which is relieved when embryonic growth switches from spherical to ellipsoid-a process termed ''uterine conversion'' [22] .
The goal of this study was to investigate the mechanisms underlying caspase activation associated with differentiation of the myometrium from a state of hyperplasia to hypertrophy. We hypothesize that activation of this pathway is induced by myocyte hypoxia resulting from an acute mechanical stretch on the uterine wall. Thus, our specific aims were to 1) determine whether the myometrium is exposed to hypoxia during this period of pregnancy and to determine the contribution of mechanical stretch exerted on caspase activation at different time points throughout gestation 2) physiologically as a result of embryo growth or 3) artificially through implantation of an expandable material within the empty horn of unilaterally pregnant rats.
MATERIALS AND METHODS

Animals
Wistar rats (Charles River Co., St. Constance, QC, Canada) were housed individually under standard environmental conditions (12L:12D) and fed Purina Rat Chow (Ralston Purina, St. Louis, MO) and water ad libitum. Female virgin rats were mated with male rats. Day 1 of gestation was designated as the day a vaginal plug was observed. The Samuel Lunenfeld Research Institute Animal Care Committee approved all animal experiments.
Experimental Protocol
Normal pregnancy and term labor. Uterine samples were collected at noon on Gestational Days 6 (early gestation), 14 (midgestation), and 20 (late gestation; n ¼ 3 at each time point).
Unilaterally pregnant rats. Under general anesthesia, virgin female rats underwent tubal ligation through a flank incision to ensure that they subsequently became pregnant in only one horn [23] . Animals were allowed to recover from surgery for at least 7 days before mating. Pregnant rat myometrial samples from nongravid (empty) and gravid horns were collected at noon on Gestational Days 6, 12, 13, 14, 15, 19, and 23 (Labor), and 1 day postpartum (four animals per time point). Labor samples were collected during active labor once the animals had delivered at least one pup.
Tubal Insertion
After pregnancy was confirmed, unilaterally ligated rats were randomized into six groups.
Group 1, untreated. Unilateral pregnancy was carried until Gestation Day 13 (n ¼ 4) and Day 14 (n ¼ 4), when animals were euthanized.
Group 2, control tube insertion. On Gestational Day 13, under general anesthesia, rats underwent insertion of an unstretchable polyvinyl tube, 1 mm in diameter and 3 cm in length, into the empty uterine horn through midline abdominal incision (n ¼ 3). The rats were euthanized on day 14 (24 h after the tubal insertion surgery).
Group 3, IUET. On day 13, rats underwent insertion of an expandable tube, 2 mm in diameter and 3 cm in length, into the nongravid uterine horn through midline abdominal incision (intra-uterine expandable tube, [IUET]). Two different expandable materials were used for stretch experiments: 1) laminaria (MedGyn Products Inc., Lombard, IL), dried seaweed stem of 2-mm width that swells as it absorbs moisture (in situ for 12 h, achieving 6-8 mm dilation) and (2) taisap (Makepolo International, Beijing, China), a soft, nonhazardous, superabsorbent polymer used in toy production in the form of a 2-mm tube that swells up to 5-6 mm in diameter. The rats were euthanized 2, 14, and 24 h after the tubal insertion surgery (four to six animals per time point). IUET stretches the uterine horn approximately 3-fold in both diameter and length as compared to the unstretched empty horn and becomes comparable in size to the gravid horn.
Group 4, untreated. Unilateral pregnancy was carried until Gestational Day 21 (n ¼ 4), when the animals were euthanized.
Group 5, control tube insertion. Rats underwent tubal-insertion operation as described for group 2 on Gestational Day 20 and were euthanized 24 h later (n ¼ 3).
Group 6, IUET. Rats underwent tubal-insertion operation as described for group 3 on Gestational Day 20 and were euthanized 24 h later (n ¼ 3).
Oil-Induced Decidualization
On Day 5 after mating, animals were anesthetized with isofluorane, and an empty uterine horn was exposed via an abdominal incision. The empty horn was injected intraluminally from the cervical end with 0.1 ml of sterile sesame oil. The cervix was ligated with silk thread to prevent oil leakage. Deciduomas and myometrium from the empty horn were collected separately on Gestational Day 6, 8, 12, 14, and 15. The experiment was repeated twice.
Tissue Collection
Animals were euthanized by carbon dioxide inhalation. The protein extraction was done as described in [23] . The myometrial tissues from empty and gravid horns were collected separately, subsequently flash-frozen in liquid nitrogen, and stored at À708C. To minimize intra-animal variation, each whole frozen myometrial tissue sample was pulverized in liquid nitrogen with a mortar and pestle for protein extraction. For immunohistochemical studies, the intact uterine segments were fixed in 4% paraformaldehyde solution. These segments were further cross-sectioned or sectioned longitudinally.
Immunoblot Analysis
Total protein was extracted from frozen tissues using RIPA lysis buffer, resolved using SDS polyacrylamide gel, transferred onto polyvinylidene fluoride membrane, and probed with anti-cleaved CASP3 antisera as described earlier in detail [1] . The intensity of 17-and 19-kDa bands of cleaved CASP3 was quantified by densitometry, and their protein levels were normalized to the calponin 1 (CNN1) protein levels (34 kDa) and expressed as relative optical density (ROD) units. To compare the level of CASP3 activation in paired myometrial samples from each unilaterally pregnant animal, data were expressed as the percentage of cleaved CASP3 in the empty horn relative to the gravid horn: the ROD for empty horn was divided by the ROD for the gravid horn and multiplied by 100.
Immunohistochemistry
The fixed myometrial tissues were gradually dehydrated in ethanol and embedded in paraffin. Sections of 5 lm thickness were collected on Superfrost Plus slides (Fisher Scientific ltd., Nepean, ON, Canada). Paraffin sections were deparaffinized and rehydrated. After quenching in 0.3% hydrogen peroxide (Fisher Scientific, Fair Lawn, NJ), the sections to be stained for anti-smooth muscle a-actin mouse (1:100; Santa Cruz Biotechnology Inc., Santa Cruz, CA), mouse anti-HIF-1a (1:500; Chemicon, Temecula, CA), and anti-cleaved caspase-3 rabbit primary antibodies (1:200; Cell Signalling, Beverly, MA) were heated in a microwave oven for 10-20 min in 10 mM sodium citrate blocked with 5% normal goat/horse serum (ABC rabbit/mouse kit; Vector Laboratories, Burlingame, CA). All sections were incubated with primary antibodies overnight. For the negative controls, normal rabbit or normal mouse serum (ABC kit) was used at the same concentration as primary antibodies, and sections were also incubated with secondary antibodies in the absence of primary antibodies. Secondary antibodies used for detection were biotinylated anti-mouse or biotinylated anti-rabbit (1:200; ABC kit; Vector Laboratories). Final visualization was achieved using Vectastain Elite Kit (Vector Laboratories). Counterstaining with Harris Hematoxylin (Sigma, St. Louis, MO) was carried out before slides were mounted with Cytoseal XYL (RicardAllan Scientific, Kalamazoo, MI). For the assessment of staining intensity, tissue sections from each of the three sets were observed on a Leica DMRXE microscope (Leica Microsystems, Richmond Hill, ON, Canada). A minimum of five fields were examined for each gestational day and uterine horn for each set of tissue, and representative tissue sections were photographed with a Sony DXC-970 MD 3CCD color video camera (Sony Ltd., Toronto, ON, Canada).
Determination of Myometrial Hypoxia
Myometrial hypoxia was assessed by immunostaining for hipoxia inducible factor-1 alpha (HIF-1a; see above) [24] and pimonidazole hydrochloride (Hypoxyprobe-1 kit; Chemicon) [25, 26] . This chemical compound forms long living adducts with thiol groups in proteins, peptides, and amino acids in hypoxic cells (pO2 , 10 mmHg) in vivo. Protein adducts of reductively activated pimonidazole are effective immunogens for the production of antibodies and are easily detected by immunohistochemistry. Early pregnant (Gestational Day 6), midpregnant (Day 14), and late pregnant (Day 20) Wistar rats were randomly assigned for i.v. injection of pimonidazole hydrochloride (60 mg/kg in 0.2 ml sterile saline [25] ) [26] . Uterus, liver, kidney, and brain tissue samples were collected 1 h after injection and fixed in formalin. Liver and kidney have cells with pO2 below 10 mmHg (positive control) but brain STRETCH ACTIVATES CASPASE 3 IN PREGNANT MYOMETRIUM does not (negative control). Rat tissues were immunostained with mouse antipimonidazole primary antibodies (MAB-1; 1:50; Chemicon). Two animals were used for each gestational day.
Data Analysis
Densitometric analysis of immunoblots was performed with the aid of Scion Image software (version 4.0.3.2; Scion Image Corporation, Frederick, MD). Statistical analysis of immunoblots was performed with SigmaStat version 2.01 (Jandel Corp., San Rafael, CA) and revealed that data were distributed normally. Data from immunoblot analysis of cleaved CASP3 protein expression in the unilaterally pregnant model were subjected to a twoway ANOVA followed by pairwise multiple comparison procedures (StudentNewman-Keuls method) to determine differences between groups. Data from the tubal insertion experiments were subjected to one-way ANOVA. Values were considered significantly different if P , 0.05.
RESULTS
Biochemical and Molecular Markers of Hypoxia Are Activated in Pregnant Myometrium at Midgestation
Many years ago, Reynolds [22] described uterine conversion as a unique change in embryo shape at midgestation from spheroid to ellipsoid that was suggested to be associated with 1) circulatory stasis of the maternal blood flow, 2) transient ischemia in the stretched myometrium, and 3) a hypoxic In decidua (Gestational Day 6, DEC), multiple glands (Gl) were stained positive for both markers. On Day 14 (C, D, inset: d14i), intense immunoreactivity of two hypoxia markers (pimonidazole hydrochloride and HIF-1a protein; labeled in as Hypoxyprobe and HIF1A) was detected. Both markers were expressed more intensively in the circular muscle layer of myometrium (CL) as compared to the longitudinal layer (LL). Note the lack of staining after incubation of Day 14 myometrial tissue with nonspecific mouse IgGs (G, (Fig. 1) . Two different markers of hypoxia were applied: 1) pimonidazole hydrochloride and 2) HIF-1a protein (labeled as Hypoxyprobe and HIF1A, respectively). Uteri from the control group of pregnant rats were immunostained with anti-pimonidazole and anti-HIF-1a antisera. As shown in Figure 1 , A and B, in decidua (Gestational Day 6), multiple glands were stained positive for both markers; however, only a small number of immunopositive SMCs were detected in the early (Day 6) or late (Day 20) pregnant myometrium. On Gestational Day 14, however, anti-pimonidazole and anti-HIF-1a immunostaining was clearly increased in uterine smooth muscle (Fig. 1, C and  D) . Importantly, both markers were expressed more intensively in the circular muscle layer of myometrium as compared to the longitudinal layer. Rat kidney stained positive for pimonidazole hydrochloride, whereas rat brain was negative (Supplemental Fig. S1 , available online at www.biolreprod.org). Thus, using chemical (pimonidazole hydrochloride) and molecular (HIF-1a) markers, we confirmed the presence of myometrial hypoxia at midgestation. It is a reasonable hypothesis that uterine hypoxia may consequently activate the intrinsic apoptotic pathway.
Gravidity Activates CASP3 in Unilaterally Pregnant Rat Myometrium at Midgestation
We hypothesized that myometrial hypoxia was caused by mechanical stretch of the uterine walls by the growing fetus(es), placenta, and amniotic fluids. In order to prove this assumption, we studied the effect of gravidity on caspase cascade activation using the rat model of unilateral pregnancy. Since Western immunoblot analysis in bilaterally pregnant rats demonstrated a transient induction of active CASP3 in myometrium between Gestational Day 12 and Day 15 [1] , particular attention was given to midgestation. The results in Figure 2 show that cleaved CASP3 protein levels were very low in the empty horn of unilaterally pregnant rats. There was a significant activation of CASP3 (P , 0.05) in the gravid horns on Gestational Day 12 and Day 15, showing a profile similar to that of normal pregnant animals. At late gestation and during labor, cleaved CASP3 expression was reduced to a barely detectable level in both uterine horns.
Tissue sections from empty and gravid uterine horns collected on Gestational Day 14 were immunostained with anti-cleaved CASP3 antibodies. Prior to characterizing the localization of CASP3 protein in these samples, we assessed the morphology of the rat uterus by examining a-smooth muscle actin immunostaining (Fig. 3, B and D) . Three welldefined layers of the myometrium were identified. The outer longitudinal muscle layer consists of distinct bundles of SMCs that are oriented along the long axis of the uterus; we detected weak CASP3 immunostaining in this muscle layer. The cells of the inner circular layer, lying between the longitudinal muscle layer and the decidua, are arranged concentrically around the longitudinal axis of the uterus. These cells are more diffuse in arrangement than those of the longitudinal layer, with no apparent bundle formation. Separating these two muscle layers is the vascular plexus, which is an extensive network of blood vessels that nourish the muscle layers. Cleaved CASP3 immunoreactivity was found specifically in the circular myometrial layer of Gestational Day 14 gravid myometrium but not in this, or any, layers in nongravid horns (Fig. 3, A and   C) . Importantly, at midgestation a high number of CASP3 immunopositive cells were found in rat decidua (Fig. 3E) .
Artificial Mechanical Stretch Activates Caspase 3 in Nongravid Horn
Since an increase in cleaved CASP3 expression occurred only in the gravid uterine horn, we speculated that the presence of the fetal-placental unit is responsible for this activation. Therefore, we investigated whether artificial mechanical stretching of the uterine wall by an expandable material that mimics the effect of gravidity can activate CASP3. An IUET was inserted into the empty horn of unilaterally pregnant rats on Gestational Day 13; myometrial samples were collected 2, 14, and 24 h later. As shown in Figure 4 , artificial mechanical stretch imposed by IUET for 24 h caused an activation of CASP3 protein in the empty horns at midgestation similar to that in the matching gravid horn (65.7% 6 18.4% of the cleaved CASP3 expression in the gravid horn). It must be noted that the degree of uterine stretch by IUET was comparable, but not equal, to the stretch seen as a result of gravidity and varied because of the nature of expansion by the polymer. This activation depended on the duration of artificial stretch, as the expression of cleaved CASP3 was low in the empty horn 2 h after tubal insertion, but increased significantly (P , 0.05) after 14 and 24 h (Fig. 5) . Uterine tissue was also collected from the empty and gravid horns of unilaterally pregnant rats in the control group (Gestational Days 13 and 14) and in the vehicle group, where a nonexpendable 1-mm polyvinyl tube was inserted into the empty horn for 24 h (Fig.  4) . Importantly, in contrast to IUET, the presence of the nonexpandable vehicle tube in the empty horn did not activate the apoptotic marker. In addition, two groups of animals underwent tubal-insertion surgery on Day 20 of gestation. IUET or a vehicle polyvinyl tube was inserted into the empty horn of unilaterally pregnant rats and myometrial samples were 
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1251 collected 24 h later. Analysis of CASP3 expression revealed that in contrast to midgestation, at late gestation there was no activation of apoptotic markers in the empty uterine horns, irrespective of the presence or absence of an intra-uterine tube (Fig. 4) .
Decidualization of the Endometrium in the Empty Uterine Horn Cannot Activate CASP3 in the Myometrium
Since we detected that cleaved CASP3 was markedly increased not only in the myometrium but also in the pregnant endometrium around Day 14 of gestation (Fig. 3) , we speculated that in parallel with mechanical stretching, myometrial caspase activation could be triggered by factors derived from the maternal decidua itself. To investigate this possibility, we artificially induced deciduomata in the empty horn of unilaterally pregnant rats by injecting sesame oil into the uterine lumen [27] . The protein expression levels of cleaved CASP3 were assessed in the myometrium and oil-induced deciduoma; both tissues were collected from the empty horn on Gestational Days 6-15. The results in Figure 6 show that the expression of cleaved CASP3 in the empty horn myometrium was low at all gestational days studied, similar to that of control unilaterally pregnant animals. We detected activation of CASP3 only in the artificially induced deciduomas (on Gestational Days 14-15) and not in the myometrium overlying the deciduomas.
DISCUSSION
Our data suggest that at midgestation (1) there is a transient elevation of cleaved CASP3 in myometrium of the gravid but not the empty uterine horn, signifying an effect of uterine occupancy. Importantly, (2) CASP3 was activated in the circular smooth muscle uterine layer concurrently with the manifestation of myometrial hypoxia. Artificial mechanical stretching of the empty uterine horn (3) was able to mimic the natural activation of CASP3 at midgestation, but (4) did not cause this effect at late gestation, implying that, in parallel with mechanical factors, the hormonal environment (e.g., plasma estrogen/progesterone ratio) plays a crucial role.
It was postulated by Reynolds [22] that when the embryo reaches its maximal spheroid shape at midgestation, it causes stasis of myometrial blood flow (and a subsequent hypoxia/ ischemia insult) in maternal tissue. We have previously demonstrated that at this specific time the intrinsic apoptotic pathway is activated in the rat myometrium [1] . This pathway could be activated by physiological stimuli (e.g., hypoxia, hypoglycemia, lack of growth factors, changes in hormonal environment) and/or environmental stimuli (e.g., exposure to cytotoxic compounds, radiation, viral infection) transmitted   FIG. 3 . Cleaved CASP3 immunolocalization in gravid and empty horn myometria from unilaterally pregnant rats at midgestation. Uterine tissue was collected from empty (A, B) and gravid (C, D) horns of unilaterally pregnant rats on Gestational Day 14. Tissues were labeled with anticleaved CASP3 (A, C) and anti-smooth muscle actin (B, D) antibodies, and light microscopy images of cross sections were collected. Rat myometrium is composed of two well-defined layers: longitudinal (LL) and circular (CL). Intense immunoreactivity of cleaved CASP3 was detected in CL and in decidua (E, DEC). Note the lack of staining after incubation of myometrial tissue with nonspecific rabbit IgGs (F). For each day of gestation, tissue was collected from three different animals. Original magnification 3200; bar ¼ 50 lm. independently of surface membrane receptors. In the present study, we tested the hypothesis that activation of caspases in rat myometrium is caused by hypoxia, which results from acute uterine stretching by the critically enlarged embryo. We investigated the existence of myometrial hypoxia during gestation and confirmed that hypoxic markers are present in the midpregnant uterus and that this event coincides with CASP3 activation. Since the caspase activation peak is very transient and uterine conversion lasts only a few hours, we explored different intervals of artificial mechanical stretching and observed that the caspase cascade was activated in a timedependent manner. We speculate that hypoxia-dependent activation of the caspase cascade reflects the underlying mechanism of myometrial transition from hyperplasia to hypertrophy. Uterine conversion starts the period of rapid fetal growth, which parallels the myometrial growth and is associated with an increase in cell size and matrix elaboration. Late gestation is accompanied by the second period of mechanical stretching, which ends with parturition [4] .
Hypoxia contributes significantly to the pathophysiology of major categories of human disease, including myocardial and cerebral ischemia, cancer, pulmonary hypertension, congenital heart disease, and chronic obstructive pulmonary disease [28] . In our experiment, the significant activation of myometrial CASP3 at midgestation coincided with the induction of both molecular (HIF-1a) and chemical (pimonidazole) markers of hypoxia. Hypoxia is a known trigger of apoptosis in different tissues [29, 30] , and it is feasible that it may activate apoptotic cascade in rat myometrium. As we reported earlier, the activation of caspase cascade in myometrium was not associated with biochemical or morphological features of apoptosis [1] . It is reasonable to suggest that there is a mechanism protecting the myometrium from the development
Mechanical stretch caused by an IUET activates CASP3 in the empty uterine horn of unilaterally pregnant rats at midgestation but not at late gestation. IUET or a nonexpandable 1.5-mm polyvinyl tube (control, C) was inserted into the empty horn of unilaterally pregnant rats on Gestational Day 13; myometrial samples were collected 24 h later. Samples were collected from both uterine horns of untreated rats (E, empty; G, gravid) of unilaterally pregnant animals on Gestational Day 14 (U). A) Expression of cleaved CASP3 was assessed by immunoblot analysis and normalized to housekeeping protein CNN1. B) Densitometric analysis illustrating CASP3 protein expression levels in the untreated empty horns (U, white bars), IUET-stretched empty horns (vertical striped bars), or empty horns with inserted control tube (C, thatched bars) relative to the gravid horns (black bars). Each bar represents mean 6 SD (n ¼ 3-6 animals per group). Data represent the percentages of stretch-induced CASP3 activation for paired myometrial samples expressed as a ratio of ROD for the empty horn divided by ROD for the gravid horn and multiplied by 100. Expression of cleaved CASP3 in the gravid horn was high at midgestation and became barely detectable in the empty and gravid myometrium at late gestation irrespective of the presence of an intra-uterine device. Data labeled with different letters are significantly different from each other (P , 0.05).
FIG. 5. Artificial mechanical stretching caused by an IUET activates CASP3 in empty horn myometrium of unilaterally pregnant rats in a timedependent manner. On Day 13 of gestation, IUET was inserted into the empty horn of unilaterally pregnant rats, and myometrial samples were collected after 2, 14, and 24 h. A) Representative Western blots show the myometrial expression of cleaved CASP3 and housekeeping protein CNN1 in gravid and empty IUET-stretched uterine horns. B) Quantitative representation of cleaved CASP3 protein levels in myometrial tissue of unilaterally pregnant rats. Cleaved CASP3 protein levels were normalized to calponin levels, and ROD was calculated for each uterine horn. Data represent the percentages of cleaved CASP3 activation for paired myometrial samples expressed as a ratio of ROD for the empty horn divided by ROD for the gravid horn and multiplied by 100. Shown is the graph representing cleaved CASP3 expression in the IUET-stretched empty horns (striped bars) relative to the gravid horns (black bars). Each bar represents mean 6 SD (n ¼ 4 animals at each time point). Data labeled with different letters are significantly different from each other (P , 0.05).
FIG. 6. CASP3 is activated only in artificially induced deciduomas (D)
and not in the empty horn myometrium (M) of unilaterally pregnant rats. On Gestational Day 6, the decidualization was stimulated in the empty horn of unilaterally pregnant rats by injecting 0.1 ml of sesame oil into the uterine lumen. Shown is a representative Western blot of the cleaved CASP3 and CNN1 protein expression in oil-induced decidua and myometrium from empty uterine horns, collected at Gestational Days 8-15. Experiment was performed twice.
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of wide-scale apoptosis. We discovered recently that two major pathways regulating cell survival (IGF-1 and PI3/AKT/MTOR) are up-regulated during the proliferative phase of gestation [31, 32] . MTOR acts as a central integrator of multiple environmental and nutritional signals from the extracellular milieu, such as growth factors and O 2 , along with intracellular metabolites like glucose, ATP, and amino acid levels. MTOR integrates these signals and modulates the rate of translation to reflect and respond to cellular growth [33] . The activity of MTOR and its downstream targets, S6K and 4E-BP1, is known to be rapidly and reversibly suppressed under hypoxic conditions in cancer cells [34] . In gravid rat myometrium we found a quick down-regulation of MTOR signaling after Day 14 of gestation, which most likely reflects the effects of stretchinduced hypoxia. We have previously shown that the first half of gestation is accompanied by 1) high proliferative activity of uterine myocytes, 2) activation of anti-apoptotic proteins [1] , and 3) up-regulation of MTOR signaling pathway [32] . We suggest now that at midpregnancy stretch-induced hypoxia activates the apoptotic pathway in the myometrium, which 1) stops myometrial proliferative activity, 2) down-regulates MTOR pathway (through the cleavage of AKT1, S6K, and/or dephosphorylation of MAPK [35, 36] ), and 3) promotes smooth muscle differentiation from hyperplasia to hypertrophy. There is an increasing body of evidence suggesting that caspases might act on cellular differentiation [37, 38] . Interestingly, primary myoblasts from Casp3 knockout mice displayed a severe lack of myotube and myofiber formation and a reduced expression of muscle-specific genes [17] . It is obvious that differentiation-related caspase activation must be tightly regulated to prevent cells from dying by apoptosis. During cellular differentiation, caspase activation is probably either very limited, transient, or localized [39] . In accordance, our data indicates that the caspase activation in rat myometrium is transient and is localized to a circular smooth muscle layer.
Cleaved CASP3 immunoreactivity was found specifically in the circular myometrial layer but not in the longitudinal layer. During early pregnancy, the uterus grows longitudinally, with circumferential growth occurring later, from midpregnancy onwards, in association with fetal growth. It would be expected that tension on the uterine wall at this later time would be predominantly on the circular smooth muscle layer. The two muscle layers exhibit quite different phenotypes during pregnancy. Our previous studies have shown that the circular layer of the myometrium is more responsive to mechanical stretching than the longitudinal, based on the fact that the expression of the connexin43 (a protein associated with uterine contraction) [40] , gamma-actin (a component of smooth muscle contractile apparatus) [41] , and TGFB3 [42] were increased in uterine circular muscle during gestation. Others have also reported different responses to stretch, nor-adrenaline, and estrogen stimulation in circular versus longitudinal muscle [40, 43] . Interestingly, we found that similar to CASP3, HIF1A protein was up-regulated in the circular layer of rat myometrium at midgestation. This might suggest that the activation of CASP3 is directly linked to HIF1A.
Decidua, the specialized lining of the uterus, forms a layer separating the amniochorion from the myometrium. We detected high apoptotic activity in the oil-induced deciduomas, but not in overlying myometrium, suggesting that decidua by itself cannot promote CASP3 activation in the uterine smooth muscle. Such data provide additional support for a role of mechanical rather than paracrine signals in the activation of myometrial apoptosis. Although mechanical stretch plays a dominant role, it should be noted that hormonal milieu defines the level of CASP3 activation. Jeyasuria et al. [21] suggested that elevated progesterone concentrations during midpregnancy maintain high levels of CASP3 activity in the pregnant mouse uterus and that the physiological withdrawal of progesterone at late gestation regulates the removal of uterine CASP3 as term approaches. We speculate that low levels of progesterone at late gestation did not allow the activation of caspase cascade by natural (gravidity) or artificial (IUET) mechanical stretching.
Collectively our data suggest that in vivo mechanical stretching of uterine muscle leads to myometrial hypoxia, which consequently activates the apoptotic cascade. The use of the unilaterally pregnant rat models and artificial mechanical stretching add strength to our findings. However, these studies have limitations; our results are associative and do not permit us to definitively conclude whether hypoxia is required for the caspase activation in the pregnant rat myometrium. It is plausible that caspase cascade triggers differentiation of pregnant myometrium from a state of hyperplasia to hypertrophy by the cleavage of a specific subset of unknown substrates. Future studies will focus on identifying the molecular mechanisms directly linking hypoxic response to the caspase cascade and studies to determine its potential substrates activating pro-survival mechanisms in myometrium.
